blood of this chimpanzee corresponds closely to the human Group II. Absorption of three human Group III sera with human Group II erythrocytes removed all of the aggiutinins for this chimpanzee blood. But after similar treatment of a fourth serum a part of the agglutinins for the chimpanzee cells was left. Two chimpanzee sera were also examined. One of them acted on all human bloods of Group III and on some of Group I I but on none of Group I. The other serum contained heteroagglutinins for human bloods, besides group agglutinins for human blood of Group III. If one assumes that the cells belonging to these chimpanzee sera possessed group-specific properties, one of them can be classified as Group II and the other as either Group I or II.
The blood cells of macaque monkeys did not react characteristically when treated with different human sera.
EXPERIM~.NTAL.
Methods.--The presence in h u m a n serum of heteroagglutinins for anthropoid bloods precludes the application to them of the simple routine technique for the grouping of h u m a n blood and renders the absorption tests with normal h u m a n sera less reliable. We have therefore employed the isoagglutinin reaction only in connection with two other methods, both of which yielded wholly reliable results, while t h e y have the advantage of being applicable to small amounts of blood, a consideration of some m o m e n t in the case of our material.
The methods by which the effect of the heteroagglutinins was obviated were: first, employment of purified "agglutinin solutions," s and second, the use of groupspecific immune seraT, S--described below as Methods B and C respectively.
A. For the simple isoagglutination tests 1 drop each of normal human serum, salt solution, and 2.5 per cent erythrocyte suspension were mixed in small tubes.
B. Preparation of the "agglutinin solutions:" 5 cc. of strongly agglutinating human serum, Group II or III, was mixed with 5 drops of packed, washed human blood cells of Group III or II, respectively, and allowed to stand about 2 hours at room temperature, during which time they were occasionally agitated. The cells were then separated by centrifugalization and washed three times with salt solution. The sediment, which still showed strong agglutination, was taken up in about 0.6 cc. of salt solution and placed in a water bath at 56°C., for not longer than 5 minutes, during which time it was shaken. The clumps were usually broken up by this treatment. The tube was then placed in a large centrifuge tube filled with water of 56°C. and centrifuged a short time to throw down most of the sedi-6 Landstelner, K., Mi~nch. reed. Woch., 1902 , xlix, 1905 . Landsteiner, K., Wien. klin. Rundschau, 1902 , No. 40. s Hooker, S. B., and Anderson, L. M., J. Immunol., 1921 ment as quickly as possible. The supernatant fluid was then removed and centrifuged a longer time unheated. Tests with such agglutinin solutions were made in small tubes as described under A above.
C. Preparationofabsorbedimmunesera: Group-specificantiserawereobtained by the immunization of rabbits with human Group II and Group III cells, respectively. ~,s Only those sera were employed which were found to contain a sufficient quantity of group-specific immune bodies. An appropriate dilution of I  I  II  II  II  II  II  II  II  III  III  III  III  IV  IV 
+(lysls).
+q-++ + Readings after 1 hour at room temperature. In this and subsequent tables, the following signs are used: 0 = negative; F. tr. -faint trace;Tr. = trace; q-, +, ++, etc. the sera depending on the strength (we ordinarily used 1140 dilution) was mixed with 1/2 volume of washed human Group I blood sediment, allowed to stand 1 hour at room temperature and overnight in the refrigerator, and the supernatant fluid was separated by centrifugalization. Tests were made as described under A above.
D. Grouping with Forssman antiserum: According to the observation of Schiff and Adelsberger 9 certain Forssman heterogenetic antisera (prepared by the ira-9 Schiff, F., and Adelsberger, L., Z. Immunittitsforsch., 1924, xl, 335. SEROLOGICAL STUDI~S ON" BLOOD OF PRI~ATES. n munization of rabbits with suspensions for instance of horse kidney) react on human Group II cells. The test with one such serum, which was highly specific in agglutinating human Group II erythrocytes, proved to be useful as a confirmation. (The results are not presented in a table.)
The action of normal human serum on chimpanzee and orang cells is illustrated by the experiments given in Table I ; while in Table II , the action of chimpanzee serum on human cells is recorded.
It will be seen that most of the tests indicate that the bloods of Chimpanzees E and F may well correspond to the human Group II, a finding which was established by other methods as well. But the unreliability of grouping done in this way is brought out by the fact thai human sera of Group II which are rich in heteroagglutinins can act as strongly on chimpanzee erythrocytes as a serum belonging to Reading after 1 hour at room temperature.
Group III. Grouping of orang blood by the method is still less certain. If it is to be used at all for grouping chimpanzee blood one must select such sera as contain very strongly active isoagglutinins.
The tests have a bearing on the question of the differentiation of human and anthropoid bloods though we observed an instance of agglutination of chimpanzee cells by chimpanzee serum which was not in accord with the typical blood groupLug. But if one take into account all of the tests performed, they are sufficient to establish the species specificity of human and chimpanzee blood.
Tables III, a and b give examples of experiments by which a sarisfactory grouping of the anthropoid bloods was carried out. In the tests on chimpanzee erythrocytes the reactions were either distinctly positive or negative. The same was true of tests with orang and gibbon blood and purified normal agglutinins. In the tests on orang blood with absorbed immune sera the effect could be seen from the difference in the action of the immune serum absorbed with human Group I blood and absorbed with human Group II blood. These tests show that with the proper technique chimpanzee and orang bloods can be grouped as exactly as human blood.
No distinct isoagglutinin reactions were observed in the blood of ten Macacus rhesus monkeys and four baboons (Papio papio).
The experiments with immune serum against the Forssman antigen showed that the similarity existing between chimpanzee and human blood of Group II extends even to the fact that both these cells contain a factor related to the Forssman antigen.
This was also brought out by the following observation: As Schiff and Adelsberger 9 have shown, certain, not all, rabbit immune sera for human Group II red cells contain hemolysins for sheep cells, which can be removed by absorption with human blood of Group II or IV but not by blood of Group I or III. Table IV shows that this hemolysin is absorbed by chimpanzee blood belonging to Group II, as readily as by human Group II blood.
It is well known that in human blood the isoagglutinins follow the remarkable rule that a blood serum contains isoagglutinins for those isoagglutinogens which are absent from its own cells. This fact has given rise to discussion on the origin and inheritance of the normal antibodies. It has been of interest to see whether a similar rule held for the anthropoids. As we had at our disposal only small quantities of anthropoid serum, the number of experiments which were made to investigate this point is not large. In all cases, however, in which tests could be made, the isoagglutinins were found to follow the same rule as for human blood (see Tables V and VI) .
The faint reactions of chimpanzee serum on orang blood of the same group are probably weak heteroagglutinin reactions. It is noteworthy that the blood of Chimpanzee F was weakly, but definitely agglutinated by the serum of Chimpanzee E although both belonged to the same group (Group II). This shows that besides the typical group differences other individual differences exist. We are not in a position to decide whether or not the two animals concerned belonged to different varieties.
The group reactions which we have observed by the various methods in anthropoid bloods correspond in every respect to the group reactions in human blood. This is significant in connection with the tests on the bloods of the lower monkeys reported in a communication to follow. 10 According to one observation of yon Dungern and Hirschfeld 5 the chimpanzee blood did not absorb all the isoagglutinins from human serum III. In our experiments, however, which were repeated several times, the human isoagglutinins were practically entirely absorbed by chimpanzee cells.
The typings of the anthropoid bloods according to the foregoing experiments may be summarized as follows: of fourteen chimpanzees three belong to Group I and eleven to Group II as they exist in human blood. Of the two sera and one blood of chimpanzee studied by yon Dungern and Hirschfeld, 5 two specimens apparently belong to Group II. The third is considered by these authors to belong also to Group II but it might possibly be assigned to Group I. If we adopt the view of yon Dungern and Hirschfeld and add their determinations to ours, a total of seventeen chimpanzees have been grouped, of which three had blood of Group I and fourteen of Group II.
Our results with the orangs are different. Of six individuals two belong to Group II, three to Group III, and one to Group IV. The one gibbon (Itylobates lar) examined belonged to Group II. n DISCUSSION.
From the foregoing experiments it may be concluded that the bloods of the anthropoid apes contain groups identical with those of human blood. We were able to assign each blood to one of the four human groups. The occurrence of the agglutinogens of the human type seems to be limited to man and the anthropoids, for the serological factors related to the human isoagglutinogens which are detectable in the blood cells of the lower monkeys and other mammals can be differentiated from the human factors by means of reactions with group-specific immune sera.
The presence of the blood group factors in the apes has evidently a 10 Landsteiner, K., and Miller, C. P., Jr., J. Exp. Med., 1925, xlii, 863. n This finding was incorrectly reported in our preliminary communication (Science, 1925, Ixl, 492) as Group III.
bearing on the question of the significance and origin of the blood groups in man. The literature on the subject 2,12-1s contains two chief hypotheses, one that the blood groups were present in the different races of primitive man, the other that they arose as relatively recent mutations. If our findings in the anthropoids are taken into consideration, the simplest assumption seems to be that the isoagglutinable factors existed before man and the anthropoids were differentiated from their common ancestor. If this asssmnption is not made, one is forced to the conclusion that identical mutations occurred in the evolutionary lines which developed into the gibbon, orang, chimpanzee, and man at some later time.
Paleontological studies have led to the generally accepted conclusion that the existing species of man is only one of a number of human species, the rest of which have become extincty as for instance the Neanderthal man. If the group factors had evolved before the human stage had been reached they must have been present in these various fossil human species. Either the groups were distributed among them in a manner comparable with the distribution in man of the present day or else in such wise that each species contained only a part of them.
In contemplating the latter case the question presents itself whether or not the crossing of human types more or less pure as regards the groups may have resulted in the puzzling existence in man of a few sharply defined serological qualities and in their distribution. In this respect the findings in anthropoid apes are of interest. In chimpanzees only the isoagglutinogen A (of Group II cells) was encountered. Although the number of individuals examined is not large, and more extensive studies are needed, it is probable that the factor A is either characteristic for these animals or is predominant, and is present in a bigher proportion than in any known race of man. A parallel case, 13 Hirschfeld, L., and Hirschfeld, H., L'anthropologie, 1918-19, xxix, 505. 13 Schiff, F., and Adelsberger, L., Cengr. Bakt,., 1. AbL, Orig., 1924, xciii, 172. 14 Amzel, R., Halber, W., and Hirszfeld, L., Z. Immunit~tsforsch., 1925 , xlii, 369. 1~ Bernstein, F., Z. Indukt. Abstammungs.-u. Vererbungsl., 1925 , xxxvii, 237. 16 Steffan, Arch. Rassen-u. Ges.-Biot., 1923 iv See Keith, A., The antiquity of man, London, 2nd edition, 1925.
which can be cited, is that of the North American Indians whose bloods are almost entirely of Groups I and II.
Up to the present no essential difference between group-specific and species-specific agglutinins and agglutinogens has been demonstrated with certainty (see the following paper). One may suppose, therefore, that from the crossing of two species which yield fertile hybrids, an F~ generation might be obtained in which segregation of the parental characters would result in the appearance of blood groups. For the elucidation of these problems it would be valuable to determine which species of animals exhibit well defined blood groups and whether such species can reasonably be supposed to have had a polyphyletic origin.
SUMMARY.
The bloods of twenty-one anthropoid apes have been examined serologicaIIy. It was found possible to assign each to one of the four human blood groups.
The isoagglutinogens of the anthropoids were found to be identical with those of human blood. These very same factors could not be demonstrated in the blood of the lower monkeys.
In the blood of the fourteen chimpanzees examined only the isoagglutinogen A has been found, whereas both A and B were present in the blood of the six orangs.
The significance of these findings for the knowledge of the human blood groups is discussed.
